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THX Ei?l’ECT!Ol? SLOTS AND FLAPS ON LAT?3RAL CONTROL 03?

A LOW-WIITG MONOPLANE AS DETERXIN3D IiJFLIGHT!

By Hartley A. SOU16 and J. W. Wetmore

suI”mARY

This paper presents the results of flight tests made
to determine the ef:ect of slots and flaps on the lateral
control of a low-wing monoplane. Idaximum angular acceler-
ations in roll and yaw produced by sudden application of
the ailerons and maximum accelerations in yaw paoduced by
sudden application of the rudder during gliding flight were
recorded for the following wing arrangements:. (a} no- aux-
iliary device; (b) full-span slots; (c) -plain flaps;
(d) flaps and full-span slots; (e) wing-tip slots. Roll-
ing- and yawing-moment coefficients were derived from the
accelerations.

The full-span slots and the flaps each had a%out the
same influence on the aileron rolling moments. At values
of the lift coefficient obtainable with’ the plain wing,
the effect of these devioes was negligible. At the higher
lift coefficients obtainable with these devices, the roll-
ing-moment coefficients increased slightly but, despite

.—a.

—.

—

.
this iacrease, the aileron effectiveness ~rogress~v~ly de-
creased with increasing lift coefficient, owing to the
corresponding reduction in ‘air speed. In the range COV- ,
ered by the tests, the effectiveness of the controls was
appreciably reduced by the wing-tip slotse The adverse
yawing moment of the ailerons experienced at the large
lift coefficients obtained with the flaps was appreciably
less than at similar lift coefficients obtained with ei-
ther full-span or wing-tip slots. The yawing moments pro-
duced by the rudder were only slightly affected by the use
of the auxiliary devices. The airplane was found to be
laterally unstable with all combinations tested. -36cause”
of the angular velocities acquired in the time taken to
deflect the ailerons the rolling moments recorded” inf13.glit

-:were only about two thirds the values that would have leen
/ @’btained with the wing restrained as in wind-tunnel tests.

. . -. . . . .—-
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lNTRODU@IOll

,..
fn”connbction with a general

creasing” the landing and take-off

. . ..-
.,

etudy of means of de-
sneeds of aimlanes..

and o:?~rovl”ding co~trol and sta%il~ty at these speeds,
an investigation of the general. flight characteristics of
an airplane equipped with slots and flaps was undertaken,
Two arrangements of the slots were ”investigated; namely,
full-span slots, which have the primary function of in-
creas:Lng the maximum lift coefficient and consequently de-
creas:Lng the landing and take-off speeds; and wing-tip
slots,, which principally affect the lateral stability at
low speeds and have only a small influence on the maximum
llft coefficient. The effect. of.~h~ full-span slots and
the fla s on the lift and drag c.har&c~eristi.csof the

?McDonnO,l airplane wh~ch,was used inthis inve~tigation
has b{>eh pr6vious-Z~ “reported in re”fer-enc-e”lo The””presen% -
paper deals with the effeot of .thgse dev~cgs ag well as
wing-l;ip S1O”*S on the lateral control and, to some extentl
on th(~”-”lateral-””stability of <-he air”plane.

-.

w ,

Th6””f~igh$” tests’”we”re made ti d.eterii~e t~~ lqte~al--
contrc~l characteristics for the following wing conditions:

(a) NO auxiliary device.... ....-=,...-—- ..?---- ,= ---- -------- -..---.— ----
-J..

‘lb) “.itili~h&n s-jo+s ~ -“ .. .. .= ..,.
a .- ‘(c) Tlaps

(d) Full-span slots and ~Iaps--.,.., . ..-. --.-.+-,.......- PT.-. ,. .-=--,,
.,..

“--(e) Wing-tip slots

The t~lsts were made in the range of angles of attack above
12°, Eince the slots and flaps woula not ordinarily b~
utilized at smaller values of the angle of attack, “The
extended Iow-”spee”d raage made Available by the slots and
flaps was cbwa~ad” so that results for these cofiaitiofis
could be compared with those obtained at angles of attack
belew tqe.,stall~..q:the p~~,ip.”wingq As the wing-tip slots
are ka~tin to haye thetr g~p.a$est _ef~9c,ton the la~qral
stabi.l~”~y at angles Qf at~~c~ beyond the .Lrntall~referQnce=
2), it-~~gr”iginally intende”d” that the flight tests

!..
----

should inc>u:~e” tae st~lled=flight :rangec Ungorylmatety,”” ‘“’.””
this phase .of ~h_Q~wo.r&wa~” prevented by violent tail buf-
feting at the st~lll —

— — --

.. --...:. ----
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The con tr01 tes-t’s“consis-te=~‘o=f“a ‘de~;r=~?h~t~o=n‘o”#‘t%e
maximum angular accelerations in roll and yaw following an
“abrup~, full displacement of the ailerons -.o.r the ruqder
“di.iringa steady glide. From these accele.rations,: .rolling
and y’a-w-in”gmoments were derived and the r“olling ariterion

-,N .dbtained. In the st.ability tests, retard.s of ‘the an-
gular mot.iou of,.the airplane following representative con-
tr,ol”mOvements were obtained. The latt~r tie6ts‘,wereper-’-
farmed. at only tmo’angles:of attack~ 12 and an angle just
below the’ stall for each condition. : : :____ ... ;.:_ ,

.... .- ...7...—,, .._=.= .—’--
..’ -. ..,

..,.L_ _L. :APPA&TUS AN-D Mii-HOD ‘~ “= ‘--T:”’”.::=. . .. .. .....—._ -“.. ..

. . . ... . .: . . ..
.,. ---- . *-:__

.. . . ;Airplane.= The McDonnellairp~an”~Tuse~~~; th-;== tB.st-s
is a low-wing monoplan~~equipped ‘“wi~h full-span automat-it
leading-gdge. slots and with trailing-edge ”flaps .exttind_ing
from the fuselag8.to the ailerons. The slots are ‘cotigtirtict-
ed: In’ four sect$.ons so. tliat.”’itis possi%le to operate them
either as full-span slots or, by lacking the -inboqrd~6r--
tion8, as .wing~.tip slots. IA front~viem photograph of t,he
‘airplane with tihe flaps ‘depressed. is shown in-figure, ID -
Figure 2 shows the wing layout.. The pr~ng~pal characteti-
istics of the airpla-ae are given in table I*” The ‘ielati”ve
motions’of the differential ailerons are shown”ia f5@rE 3.

“~. “ ,, ,:. .,. .:.. ., ----..
The lift and drag charaitiri~~ics of-t~e &irp~&~~:{’

.:..::.: ___

for the wing conditions investigated in these tests-are
given in figurO 4. This- figure is a reproduction of fig-
ure 14 in reference 1, wiih lift an~ drag characteristics
for wing-tip slots, determined in a comparable manner, “
added.

.—

.

—-

--

.-

.
..s

Instrume.mts.- Three ang~lar-velocity recorders, an
air-speed recorder, a control-position r8corder, a-rida
timer were installed in the airplane during the tests,
The aagular-vfflqc~~y recorders were used”to measure, the ~
rate of rotation about the”jthfee body axes of’ the .airplaneo

I Soon after the start “of the tests, it W5S found from lkl-
Oratory experiments that considerable difficulty from lag
might be e~erienced for the accelerated-flight conditions
unless special precautions were observes.~. As the instru-
ments are oil-damped; the la”g characteristics-vary with
temperature. ~n order ,to insure a’ cons%an~ oil viscosity
of proper magnitude! the instruments were..eticlos:ed in an
insulatea ‘box iu which a constant temperature was main--
tained for all fzight tests, The proper corrections for

.

. ____... .. . .
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lag at the temperature at which the instruments were main-
tained Qqre, ,d,qtermin,ed..fro,m,tbo.results of”’the laboratory
Q“”xp+r:lrn.ent‘s~, ,- ..-. . . . . .

. . ,“. .. ... .,,,. .,--- ...+-’ --..:;- “ ?*$:

!!fibai~-~sp,eed’’~~ec~~-d~~“was “used”-on~”y ~o”r ~-he–ju’&jo&e. .
of, de”l}~er~ining:&ir .dpke’flat.t-he start of a tia.n.euver. The
i“e’ti’or(Lerwas “c;onqecied’ $.o q swi.veling. pit:ot-ata’t”ic‘h””eaj,.
mourit,e,tlabout one ~ord. l.e.ngt:ha.hea’d.o:f the wing. .“tlie~cJpr-
“’r“o.”cti<~n”four,’.th”isposition having been pr”evi.ohsly “obtained
l% ‘a c’al.’ib’r~tionagai~st a trailing ,air-spebd head dur~>g
s“tea”dy gl id’es.’ The””chhtro~-p.osition recor.il.e~”was utilfzed
to obtain continuous r~cords of the movement of the aile-
rons and rudder. The timer was used for the synchroaiza-
tfio,nof records obtained with. th~ abave-mentioned tnstru-
meats, and to provide a ~ime scale on these recor5s*

~-ests,+.-The aileron-control tests cbnrsist~d o~’~rgcord-
‘.iag tke velocity of t-ire.airplan~ in ,:rcil.ltagand~tiing im-
tiedia’tely following an. abrupt full displacement of thu ‘“~
Stick to “’the”‘r:i@htduriqg a. steady glide, t.h-e;other con-.

“:’tfiols’,hei’tigheld neutral.” i“~be tests for, each wtng. arrari,go-
ment ‘“rn”ere’y-”ep’eatedat s..qver;al..@ir,“speed.s~.va”r~in~‘f~om that
corr.qd~on~~.~ng.,t”g,ail,,angle. of at tack ,of 12Q -to the: mimimum
spe”ed htta,.inable without” serio.ns tqi.1 Mzffoting. Thti req-
ordw. thus “ob~~au~ed ,wer~ dif,ferofitiated.graphtca.lly to ~~~
t-ey”m’tnd“t’hQ.mkximum angular .accelerat ions: ‘in:r~ll”i&nd YRW.
.Co&%ectio”ni were applied for lag as previous I.y mentioned.
.Roll:ing- “&nd’:ya~iing-moment coefficients were derived from
the angular accelerat ions by gaan.q of the foli’o%ing’ equa-
tion’%.:-’“- ....... .... -+: %;.-. . ... .,..,.,. ..

,’...,,.~-,- r,
.

ap A:-. ,
s,.. ,..,, e.,.::.,

...- -..-->.. .. . ._. ” Zz
. .

,.. Cz =; -—-- -- “’”
... .:.,,—,....’ ..........,,. qbs .“

.ci~ = q.. c -::.”: . . . . . ... -. “’ .,.
., .;.’- .Lk___ .,. ... . . ,-. .,.. . - .-q b S ..s........-.....~ ... ._ . --.-”—. :.----- ------ --.-.-;—:- .- ——=— -—. -

$ ..

where ‘-A’.;ein~d. ~ :.a~ e &@”; moment 6.”_of kek%.~~-,aloui ..?h?.,3.
end .;Z’ bod~, ax”~i, “*6s~ect~vely, q refer-s,to tlie i.nit’f.al
air ~~ee~i ...and the other symbols have their ,u”s~al bi~tiif~y.. ___._
cance. - “ ‘“--‘- ‘. -..- -- —. --—.-n-=,= —-- ———— _—..- .. ..,, “.,,.. . ..+..;- —. ........*.....+:+ .:L>”.,, “..-,r--.,.
,., T:he ru&d”&F~.ci5htro”l””tes,ts’”were ca”rr.ted’.oht!In a ha&’er

.-. ,. -a . r= -,-,. -.= --
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Records of the angular velocit~es shout the three
body axes were made with each wing arrangement for the
following control movements, %0 determine qualitatively
the effectiveness of :he lateral co_ptrols when_used after
motion. had star%ed and..t,oo,btaifian indi,~d%i~a of t%~:lat=-
eral~stability, charact,eristics$ of the airplane: . ;. ~

. — .-.
(a) Stick’ hard right .- s~ic~~ can,tra~-ied, ~u& ~

.—

. .
der aeutral:throughout. . . ._ ~,~,== = -_.l~:-_--~_—

.--,-....

: (t) S.ti,ck hard right : S,tjck-=hard -16~~;:-@& “-““-

.

neutra~. $hr.@ghoutC
.:... ,,,, ...—“.. .-— >-..- - -.=,...’ :7-.

(C)”- R-&d~&~ hard ~igh~’~ ““”’-, - .. ...“ . .’ ruddeti “cenF5alLiz:e&
s,tic-kneui,ral t-nroughout. .,

.’-.
.. . ..,.-. . - ... . —..’-,. . ..

.-
-..

,,. (d) Rudder hard right - Fu~der haiid ~,e~t”,s’%~ck
.,- neutral throughout. . . - - ------.--y___ -.

,.. (e) , Ruddbr hard r~ght - rudder cenfraliz.6dp.’ “
stick hard left.

.. ----. ~. .
,,.

The second displacement in each case was tide approxi-
mately 2 seconds after the initial displacement. These
tests were na~e at two angles of attack for-each wing arr-
angement, 12 and an angle of- attack ju-at below the s~qll.
!L!imehistories of angular velocities wer~ plotted froti th~
records oltained.

.-

RESULTS
..==

The results of the test’s are shown in graphical “~or”rn”
in f.i.gures!5to 15. I?i&ure 5 shows the.maximun roll.i-ng
and yawing acc?l~ra,tions resulting from abrupt. movenent.s.,.
of the ailerons. The corresponding rolling~ and yawin&,.-
monent coefficients are plotted in figure, 6= Pi,gm?es 7 ~

-—_

and 8.present similar information coficerain”g”%he yaw~ng- ‘-
-—

moment produce~ by -the rudder. A conFaTison of the ,yawi~g
moments produ~ed by the aileroqs and rudder is gives -5.$.~“
figure 9. Figures 10 to 14 show, for representative cases,
tige histories of angular velocities -o%ttii,ned.for ~’he va-
r.>ous coa,t.rol,mov.ernentsut.ilizefi in t-he tests made .to de-=
termine the effectiv.enbis of the contiols wken usqd after,
motion bad startede The rolling criterion”- RC ,is.giv@n-
.tn ,figure 15.,: ; ‘.. . ,. ,, - - ;-.~:_.-:-.:-

..\ ... .,:,..~... -’ -..-, ,...“.. .-:--.+-,.-= L%..~’k>-- ‘=”W. ..:..- -... ... ‘.. .. ,,-. .,~ .- -—. ,.,. .:. -.-..:-., ..- -. -.-.1---.- -—
:-

.
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,“ i coti”$a-r”isori“of ‘[<he‘co~ff icients o’~:ro”l’ling aqd .yaw-
i“ng moment for’”the airp”iane-c~n ke obtained ‘%,Yrefereqce
to figure “6. ‘In this ffgure i~ will be seen” .~hat’foti’,the
plain wing ‘the roll”ing-mofient coefficient increases 51i&ht-
lY with lift coefficient until a criticql-,lif.t coefficient
is reached; “abo”vewhich the rolling-moment, coefficient dQ-
creases rapidly. Inspection df f“igur.e4 shows” that the
critical lift coefficient c-orresponds .a~proxim.ately to the
&tart ‘of t-he burble,””as ihdi-caied” hy th’e tap idly decreas-
ing slope of the lift curve at thfs poin’t~ The trend of
the curvos of rolli~g-momqnt c-oefficient appears to be sim-
ilar for the ‘oth& tiing’’conditions, ,~.h’e”o,~lY,pa~s%ble ex-
ceptio:u teing that of the comhinatiom ‘of flaps and fill-
Span s~otsc ,F’orthis case the tests cou~~nqt be carried
up to ‘the critical lift ‘coeff5cient~ ‘oy$fi&,,t.o t~i.1 b~ffet-
i.nga Trom the fact that the curves for” tlie conditions
where ~h,e flaps and th,e-fullz,span slots were used separately
appdar “as axt’erisions of the curve for ,th~”plain wi~gs it is
concluded that an envelope curve f~r these three conditions
m.a~ ‘be taken aS rep,resent.at.ive of the aileron momeat for
‘u”nburbted f,liw over the .wig’g,and that the shape of this
cu,rve,:Lsi;~dependegt of means taken” for maintaining smooth
flow. Thus, “the-flaps and t~e “full-span ~lots, in por-

‘ forming t.hd,irbasic .functi”on.of qai~ta’ining smooth flow
to higher lift coefficients “titian.are possible withthe plain
wiag, assist the ailgrons in providing lateral conlmol at
the spseds afid attitudes made possible through the use of
these auxiliary devices. The- re~~on for the curve ?QF the
flaps and full-tiptin”slots when used together not beiug a
conti:luation of the qxr-ves for tbe .cQn@itiolls just dis-
cussedl-:day”%e that .a part’ial “breakdown of the flow oc-
curred “considerably tiefore the wing was cofipletely stalled -
indical;.ed in figure 4by a deviation of “the lift curva from
a liae~,r variation with angle of” attack, And observed in”
fli~ht by tai~ buffetiag. With w~qg-tip”slots the rolling
moment coefficients are definitely lower than with the ,:
plain wing. “ . .

,-,- ~ * ..... .*
,. .

:. T3,e yqwing-moment coefficients p’roduced”by the aile”~
ro’ns Wr”e’”a&verse for all wing conditions.” The curves “for
e’ach cgadi’tion show the sane general trend as ~ae curves
of roll~ng-momeat .coefficientj although the yaw~mg-=Oi.@’rit
coefficlbnts do riot fall off”a.s rapidly as do the rol3ing-
rnoment c.~~fficients when burbling starts. The curveg of”
yawing ~Qment when slots alone are used appear as extan--... ..,.

.——..ti

---...-,.-

-—
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sions of the curve “of yaw>ng...mametit for,”un~u~~~d’”fi~w @
.——

t-he plain “wing,. ~dr”.the flaps ,..kowevqr, there is an “ap-
-.precialsle decrease iri the .yaw&ng moment ~dup’.to-~~e-a~lerons,.——._____. . . .. .,, .-:___ .,,, . .m

._ =_..== - ..”...--: _. -=*.. -- =_.

‘As -regards ~the dire~t’iona~::coatr.ol,: ~n~y the yaq”ing
-.moment due to the rudder .,.h~s~Oen consider~~, the rolltng
moment being a secondary. effeq$ y,,~or t-h~”~p.~+in~fing the.

‘.’yawing-monOnt ,coefficient~ ‘~fig.,8);:decrease a ‘smailatitiiint
with increasing’’lift coeffi.~ients~ .The slots a~d f~-apsi -
when used. either separately. or. together, increase -the~awing
moment appreciab%y$ :.khe.iBcrease b8i~gapp,roxirQately one
third.:-The wing-tip SIO%S have:.practically no 6ffect-6n..

.—

the rudd.er..cbntrol~. ; -.s ::-. ..~..=_ ----~ ---~ .
——

..... ,. . . . —.... .
Ac.ompariSon-o f-t~e yawing no~ents,-pr~~u~fiy%e~” ‘

ailerons and rudder is interestifig in that it ip~~ai&9--
whether or not the rudder is capable of overcomi.~g the-ad-
ver:se’yaw of fhe:.ail:erons~.-!The yawing~.mom&a~ coefficien~s
far-’the ailerons-.and.rtidder have bees pl.ot~ed-~n ,$igure 9.
It bill be noted-:*hat .thr.oughout the en.tirp .$light rang”e -
th%’rudder moment,~:i.s~lways.greater thap the ai.16ro~.mcrn6nfi

—

butj at the hi.gh~b lift coefficients, the.:~xces.s-~.ecomes
---——..:-..-= .

----
~ery” SEI~l~c “. , .::;..., - s . -,.. .,----- ___L - : +_:=_ -+ : ““.-:.-.

. ,. ., ,. . .,. -—=—+ ‘--—== A---- .:- s.

The time. h~st~ri-es Q$ ~ngular ~q~?c.i~ies r~su:~in~
;

-’from variou% contr”ol moveme~t-s- indicated that for an wfi-g - ““’
conditions within the range of a~glee. of ,attack tested the
‘ailerons. and. rizader were not -only effective “in sta+$in’g-~

—.

.rol’li.ngor “yatiing.motion in the desi.re~”directi.on as has
been noted,

——=, ——=-= .—-. _——.
lnvt were also capable ,of @ec~ng and–revers-

i’isg.angular motim present when the ~oqtrols-w~re applied- ‘
.Th.ere were, of’ c-otirse,differences between the various
wing conditions in the motions follo~ing the second. con-
trbl movement of the cont,rol-~ ev.ersal.tests, but these ‘“
werw not of”a nature to,p~rmit def:$nite”~~omp&risons of “t-he
control effect.ivegess between en.y oni w~nbg-ijtirid%t=o”ri-afi:d
another, ‘considering the differences incat~~r~uie an-d in”””

- “the magnitud~ of the angular ~el,o~itiq$, an,~.~n other ~“uch
influencing facto~s at $he ~ime ~~a$.,.the.~o~~ro~~were ‘rO-
versed. . .

,, ....’ . . ___+=.—

●



.-
8 l?.A. C’.A. Technical Note No, -4-78

.

~atis?gctory,’as ‘t% actual moments that can be o%tained
—

.ay.ed&”pendent;””’ona’~”r’speeds Tor example, the aileron ef- “ -,

‘“’fectivimess, as” tndicated in figure 5 ‘by the angular “adce,l-
erat,ions, decreased considerably with decreased air speed,
al~liough the iolling:mo’ment coefficient at the lowetit speed
wa,s great,,er,tha~l“that;~~t the highest speed. Thus i% ‘is“e+-
ident -tha”t”although t-ha full-span “slots and the flapsez-
‘erted a’ favorable “iqfluence on th”e aileron contro”l--by:main-...
,tatning smooth.flow:o’ver the wings and actually increased...
t~e” rolling-mo,rnent’-c’oefficient, the effect was noti suffi-
clqnt .to compensate for the reduonons in speed abtained
with ‘these devices. ‘The decrease in control effective-;
ness in the range of lower speeds was.,sufficient to oan$e
the late~al controz, which was regarded as satisfactory
in.,the ~ahge .of ‘high&r 8peeds~ to” become sluggish aid unsat-
isfactory, ”., ,, .“ . ‘ , ... .., —.-

.
““.The ~at$ral~co.ntrol effectiv6n6sscan be r&resented

.-;

‘i.n’nd~,iimensf.onal form” by-fiean~’tif””the rolling criterion
R~ ““oxqlai~ed in”r6ferencs:”3, wliltih~6r”r4ct&ngtilati wings

I

becolrm CZ/CLG” In thid ’”fbferencs-ra,%alue bf--O;O75. for
the cr!.teriofi is assu.rnm~dto he’ satiific%oryj In&stiuch as
the transition from sat~~fectory to unsatisfactory aileron

.“

confi~ql.o~,cu~s within”the range used in the tests, it Is
int~ereij%,;~gtocbrnpare the flight i“eiy.~~swit.h-this. assum”e~ . ,
‘&ati$f$~ctO~y valu-e of the criteribiik B-eforb %hl~.compari-
son”ca~~.]e made”;howbver, it” is ne’tie%sary to”consider the -
~ifferont ’cond-itions”under wh~c~ t?ie .f~j.gh,tatidwind-tuhilel I
t,sgts~.i~re-”m~’~e and”lhow these” d-i.$febeii~es.affect~.%he restilts..
cu~vo6” of, aileron defl”ectioti’ahd’-rolli”ng velocity’for a typ~
“ica~ flight tesi.are” shown in f“~gur”e”16; It will. be not~d
that inrthe time ‘reqhirkd four-th& control t“o be ‘fullyde-
fi”ectef!a“nd the mafi”~um &ccel&ration attained, the “air-

..plaq~ }tad acqhired~~ n’”a.pprec”iab’le rate of roll. The dalnp-
“i,ngs~t”.’upby-this @looity fie”duce@ the aileron moment ~~-
low tha;t(whic~ Woul:d ‘b’eo%talne~ were the ra’te of ro’11’zsro,

,a,s:is.,the’ c,ase in windvtunnel tests. It’ is.also pro%k%le .
,“t,hatthe:acce~~ratipn itself has some effect on the aero&y-
fiani”c”forces, the extent of which is not kpown. The”tiff%ct -

1

of t-he damping can be estimated on the basis of the assump-
,$ipn that at the max,irgzrnangular velocity the damping no-
men”t is equal “to th:&-a’ileron monent for zero roll, “&ad that .
a“t angular veloc~t,ies lesi” than the naximum the damping is
proportional to’ the a~gular y“elocity. Data given i.n“refer-
ence 4 ‘show taat these aBstipttons’ ar”b.valid, “tit“leabt for
pure roll- Thus,. for the case shown in figure 16, the ai-
leron roQ,Dg f20&3nt calcti.$dnd..f’rism the Giimum. ..
tion is only” t“tiothirds of “th”euo-men-tthat would

>
.-

accelera- ●

be obtained
—.

,*.!
.—
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were the rate of roll zero. A similar check of the rec-
ords ‘fbrLth& remainder of the tests indidates that the
rolling nouents are from two thirds to three fourths of
the values that would be o%tained if the rate of roll were
zer’oO Iti~~.ev.ident that this fact crust be taken Into ac-

‘ count iii:’thecomparis’oti df rolling moments or Values of
RC obtained fron flight and wind-tunnel tests-.. ., ,,.. .:. .. 7 .-._

Values of RC calculated frbrn ihe fligh%- t6”siis‘ar-en - “-
shown in figure 15., The values range from.0.032” where .+
control was satisfactory, to 0.015 where control was un-
satisfactory It noti se&s reasonable toassune that 0.03
for the flight condition represents satisfactory control,
so that this value dlvid~d by 2/3 represeri%s” satisfactory
control for the wi~d-tunnel condition in which the rate.
of roll is zero. The value thus obtained is 0.(S45, as
conpared with the assumed satisfactory value of 0~075* Of
course this comparison is strictly applicable only to the
McDonnell airplane as the factor 2/3 is to some extent de-
pendent on the stick force and moment of inertia of the
airplane about its longitudinal axis. It seems prabable,
however, that the assumed satisfactory value of RC of

. 0.0’75 can be safely revised downward by an appreciable
amount.

*
CONCLUSIONS

. , ...-
,, .-

1. At~lif’t coefficients. less than that corresponding
to maximum lift for the plain wing, flaps and full-spau
slots had no appreciable effect on the lateral control tiil-
taiaed with the ailerons, but wing-tip slots decreased the
control effectiveness appreciably. —.-

2. At lift coefficients greater than the maximum ob-
tainable with the plain wing, the effect of flaps and full-
s~an slots was to maintain reasonably large values of the
rolling-moment coefficient over the extended. range of lift
coefficients obtainable with these devices.

:.
3. Although rolling-moment coefficients tended to

. increase to some extent with increasing lift coefficients>
there was a marked decrease in COntrOl effectiveness at
,the highest lift coefficients obtained owing to the reduced
air speed-

4. Adverse yawing moment of the ailerons was Iess -
when the flaps were used to obtain a given lift coefficient

.

- -r
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. . . . . . . . . .. . ..

th~n”~htin slots were’~used. to 10~~al.Q ~he.:.qa-me.lift coeffi-
cient,., ,,l._ .. .... .“. “.. ....-. . . .. ..

,, .,, +“>” -> .’ , ;
..—

~,.LTii8-._y-awitig“m~~e~ts- produced by, the ,ru@.derwe~e.
oaly s~ight.ly affect”ed by the’use..of ~ho ay.Fil@ry de.vicoee.,. .. .. .

.,.. ..,...
6. l?h~ airplane was laterally unsta~le with the plain

wing,, qild:no ,,~oqbination.of ~lots-a~.dflaps t.est~d improved
this, coridt~ioq. ““ ~ ~,.., -.,,,,:-:j , -,,,,, .- “%r.

. . . .- .
“7;, :

.:A~‘a r~su~~,of t.he”angularfl:vel~ci{y qc.quired””.zn
th6 $.~:ie,.,ta:~~xito..full,y deflect ihe..ajlerons, maximum rol.l-
irig.mcjjfiqqts,’.wereqril,~,qbout twa thirds aa.g~qat :as would
be “Qb~~itied.foi~-&.qtil deflection and zero .rato O.f rO~l.. :

,“:‘. .., ..-. .
. . . . -----

. . .. . . ... -. ..
..-. -.. ” ,.. . .-

Langle~~’llemo#ial” A’;rO~~ut-ical ,Laboratory, .
N/}tii’o’nal.”,AdW~~ory” .Committ.e.efor Aeronautics, .,. .“.:

“I&gley T.ield, Va. , November .2, 1933. .- “.. . ,.. . --..... .,:.. . .z“:, ~.
,,,..
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TABLE I

Characteristics of the McDonnell Airplane

Span (3)

Chord (c)

A’rea

Aspect ratio

Wing section

Dihedral

An~le of wing
setting

General

35 ft.

5 ft.8 in.

196,5 sq,fto

6-2 “

hi-6

4.5°

2.3°

Over-all length 21 ft.4 in.

11

Height 7 ft. 2-1/2 in.
-.

Weight (test) 1,852 lb.

Moment of in-
ertia about
X axis 1,345 slug ft.a-..-.

Moment of in-
ertia about
Z axis 2,280 slug ftoa .

Distance from
leading edge
to C.g.

—-
22.7 in.
33.4”percenf c

Slots and Flaps

Over-all span of slat 31 ft. 7-1/2 in.
Span of a tip section of slat 5 ft.; 28.5 percent b/2
Chord of slat 10,2 in.; 15 percent c
Location of slat with slot open:

Width .....** .,. ● *. ● . 5.43 in.; 8 percent c
Depth ...............2.38 in.; 3.5perceri*c
Gap .................. 1.02 in.; 1.5p6rcent”c

Spau of flaps ................... 22 ft. .&l/8 in.
Chord of flaps ................ . 1 ft, 5-7/16 in.;

25*6 percent c J
Ylap angle when fully depressed. -40

.— ..
*

Lateral-Control System

Ailsron span ....i..i. .......... 4 ft. 7-15/16 in.;
27,6 ~ercent b/2

Aileron chord .................. 1 ft. 5-7/16 in.;
25.6 percent c

Aileron movement ~. ............. Differe:~tial 25° up, 10
0

down
Fin area ........................ 6 S ●ft-
Ruddef iare a.................... 77-1 2 Sq.ft.
Rudder movemeot ................ +30°
Distance from e.g. to rudder

post .......................*.. 14ft.
.—---- .. . .

—

+ :- ..—
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Figure 1. - Front view of the McDonnell airplane,showingslots and flaps
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Figure 3.- Differential movement of ailerons on the l.icDonnell
airplane.
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2.4

, 1
a,’Slots open, flaps down.

2.2 b, “ U “ neutral.
c, Tip slots only.
d, Slots closed, flaps neutral.
e, “ 11 1, down.
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w Figure 4.-Lift and drag coefficients of the McDonnell airplane with
verious combinations of slots and flaps.
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2.0
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1.2 —
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.4—

[ +—-— Ii free m neutral’ Ill

Indicated air speed, m.p.h.
—

Figure 5.- Variation of maximum rolling and yawing acceleration about
body axes,with indicated air speed, for fullposi-tive ailer-

on deflection. (All wing conditions.) .

1.2“
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%! x——— *,L
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Figure 7.-Variation of max~mumyawkg accelerationabout body
axis,with indicated air speed, for full positive rudder

deflection. (Allwing conditions.)
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Yiguz-e8.- Variation of yawing-rnomant cocfficiezt shout botQ axis, with lift coef-
ficient , for full positive rudder deflection. (Allwing conditions.)
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Nguxe 9.-Comparisonof yawing-momentcoefficientsproducedby full positive redder
deflectionand full positiveailerondeflection.(-411wing conditions.)

1, L’ ,illi ,,1

m

. .



.;. . ,..:-..=.. . ....=.L-

.-.. —

.

*,

.

,. .- —

:-—

— .

.:“

8---.
=

-- . . .-

-,

——.—
. .

.
-----
.—

., -c.L,—

.-.

..

~-.. ..--—

;.
.=.-.. . .-; ,..

. .<,
. .-

.
.,
. . “+

. .-. . .

w

..-—
b

. .

—

...4

.=

-. .
. --

. . . .+. . .
-A = -.. . . : -:=-

--=-—.“

~.. ..:

L.-=

.

?.
,.. - ----- .-.:.

..—.
:.

. . =J

+. . . . .

—.
.: “-.-..’G

. . -..-=!

, ,.

.,

—.
.-

- --- . . . . .

-.,- ... . . -. -— --.

.

;.
.-

:.. . :.

.-



“

=.. - N.A.C.A. Technical Note No.478 Figs. 10,11,12
.
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Figure 10.–Timehistory of angular velocities about the be@. axes for
en initial full positive aileron deflection,followed two sec~nds later
by return to neutral. (Slots locked closed, flaps neutral. Angle of” ‘“
attack of thrust line = 15”. indicatedair speed = 60.4 m.p.h.)
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Figure”ll.-Timehistory of angular velocities about the-bodyaxes for
an initial full positive ai”lerondeflection, followed two seconds later ‘--
by full negative aileron deflection. (Slots locked closed, flaps neu-
tral. Angle of attack of thrust line = 112.4”.Indicated air speed = - >

:m 62.8 m.p.h.] .* L .. --”
=%

& Time, seconds
~ ‘Figure l~.-Time history of angular velocities about the body exe~””for

an initial full positive deflection of the rudder, followed two sec-
onds later by return to neutral. (Slots locked c~osed, flaps neutral.
Angle of attack of thrust line = 12.4°. Indicatedair speed =
62.8 m.p.h.j
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N.A.C.A.TechnicalNote.No.478 Figs. 13,14
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Figure 13.- Time history of angular velocities about the bgdy axes,
for an initial full positive rudder, followed two seconds

laterby full negative rudder deflection. (Slots locked clo~edsnd
flaps-neutral.Angle of attack of thrust line - 13.2°. Indicatedair
speed = f31.7m.p.h.)
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Figure 14.- Time history of engular velocities about the bcdy axes,
for an initial full positive deflection of the rudder,

followed two seconds later by return to neutral and full negative
bflections of the ailercns. [Slots Iocked”closed,flaps neutral.
Angle of attackof thrust line = 14.1°. Indicatedair speed = 61.1
m.p.h.)
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1,

m.

a, Right aileronangle
b, Angular velocity of roll
c, Point of maximumangular acceleration
d, Xaxinnua slope of angular-velocity curve
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